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Motivations and Barriers to the Implementation of Riparian Buffer Zones on
Central Kentucky Horse Farms*
Leanna Hartsough1, Steven J Evans2, Megan Miller1, Tammy Brewster-Barnes3, Emily Koyagi4
1
Department of Communication, University of Kentucky
2
Kentucky Water Resources Research Institute, University of Kentucky
3
College of Agriculture Sciences, Oregon State University
4
Behavior and Health Wellness, University of Kentucky
1
lhartsough@uky.edu

The horse industry is key to Kentucky’s economy and identity, particularly in the central
Kentucky Inner Bluegrass region of the state. However, these horse farms can have negative
impacts on waterways due to soil erosion, habitat disturbance, stream channel alteration, and
nutrient and fecal pathogen pollution from manure. Conservation practices are available to
mitigate these impacts. However, some of these practices, including riparian zone buffers, seem
to be underutilized in central Kentucky. Horse farms have been identified as an underserved
target audience for conservation practice outreach. Understanding the motivations and barriers to
implementation is critical to developing outreach materials designed to reach this audience.
Under this study, seventy-seven central Kentucky horse farm owners and managers (n = 77)
were surveyed about their horse farm operations and use of conservation practices on their horse
farms to understand the prevalence of implementation in the region and better characterize this
target audience. Then, 14 interviews with previous survey participants (n = 14) narrowed in on
the motivations and barriers to the implementation of riparian buffers. The results indicated that
horse farm owners and managers in this study were motivated to maintain the health of their
horses and pasture, to protect infrastructure and reduce maintenance, and to maintain a farm
lifestyle. While some farmers demonstrated a strong ecological ethic and widespread
conservation practice adoption, others were unaware of the ecological functions of ephemeral
and intermittent streams. Barriers to implementation included knowledge gaps, lack of time,
budget constraints, and threats to horse health. Their aesthetic preferences, drainage patterns, on
farm functional utility, and farm layouts were both motivations and barriers to riparian buffer
implementation.
In addition to motivations and barriers, the results also detailed how horse farm owners and
managers described (a) terminology relating to conservation and management practices and (b)
opportunities and information sources that would be valuable to other farmers. With
terminology, some participants were familiar with the terms “riparian buffer” and “watershed,”
and some were not. Some of the information sources that participants suggested included horse
and/or environment related online journals and websites and face-to-face communication with
professionals. The suggested opportunities included improved outreach and financial and
technical assistance programs.
Based on the results of this study, outreach materials and resources may be developed through
using the motivations and combatting the barriers to promote implementation of water
management strategies for horse farm owners and managers.

*This presentation is based upon work supported by the U.S. Geological Survey under Grant/Cooperative
Agreement No. G21AP10631-00, WRRI 104B Annual Grant Program.
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Engaging Urban Watershed Stewards in Stormwater Management
Amanda Gumbert1, Lee Moser1, Ken Cooke2
Agriculture Extension Programs, University of Kentucky
2
Friends of Wolf Run
1
amanda.gumbert@uky.edu

1

Managing nonpoint source pollution in urban areas is a challenge faced by many municipalities.
Engaging homeowners and watershed volunteers is necessary to aid in the protection and
management of urban streams, stream corridors, and stormwater. Beyond rain gardens, we have
found a general lack of accessible technical guidance for property owners and their service
providers on specific practices that can be installed on a typical 0.25-acre residential property.

During 2020-2021 a project to evaluate the effectiveness of small-scale residential stormwater
practices was conducted in the Wolf Run watershed, Lexington, KY. This project involved
identifying, researching, and installing a set of specific practices designed to reduce stormwater
volume and treat “first flush” stormwater pollutants on residential properties in flood prone
subwatersheds of Wolf Run. Recent flood mitigation efforts by Lexington-Fayette Urban County
Government in several neighborhoods generated interest among homeowners on next steps they
could take to manage and reduce stormwater runoff from their downspouts, driveways, and other
hard structures.
Two surveys were developed and conducted: a) one to determine the capacity and/or willingness
of landscape professionals to design and/or install stormwater practices on residential properties;
and b) one to determine interest and willingness for homeowners to install stormwater practices.
Eight landscape professionals were interviewed and all expressed interest in participating in the
installation of practices such as infiltration systems, rainwater harvesting, and permeable
pavement. Through the networks of Friends of Wolf Run, twelve homeowners were surveyed
and subsequently five were identified to participate in the implementation and evaluation of
stormwater practices. Three rain gardens, an infiltration system, a large-scale rainwater
harvesting system, a ribbon driveway, and an alternative walkway were installed. Estimated
stormwater runoff reductions ranged from 45 to 98%, and personal testimonials indicated runoff
problems had been abated by the installation of stormwater practices.
Water quality Extension Specialists at the University of Kentucky have fostered a partnership
with the Friends of Wolf Run for several years to expand engagement of watershed stewards and
adoption of residential best management practices to protect and enhance urban water quality.
This partnership has resulted in the creation of several components that enhance urban stream
stewardship: a) a backyard streams educational curriculum; b) annual stream steward idea
exchanges; c) watershed tours of restored greenways; and d) stormwater practice implementation
and effectiveness evaluation with individual homeowners. Extension staff played a key role in
engaging homeowners in stormwater practice implementation and facilitating watershed leader
interactions in this urban watershed.
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Efficacy Examination of Urban Reforestation Efforts on Streams in
Lexington, KY: Macroinvertebrates and Water Quality Assessments*
1

Peyton Mills1, Brenden Hrabcsak1, Chris Barton1, Kenton Sena2
Department of Forestry and Natural Resources, University of Kentucky
2
Lewis Honors College, University of Kentucky
1
psmi225@uky.edu

Urbanization is one of the most environmentally harmful human activities, given its exacerbation
of climate change and host of human health hazards, and its effects on streams are no different.
Primarily through stream channelization and the alteration of riparian areas, flooding, habitat
fragmentation, and sedimentation are increased and flow regimes altered. Lexington,
Kentucky—as the second-largest city in the state, and with a 2020 population greater than
comparable cities like Cincinnati, Ohio—is no exception to these environmental detriments.
Reforest the Bluegrass, a Lexington-based community initiative founded in 1999, works
annually in reforesting the city with goals of reducing stormwater volume and improving streamwater quality. But alongside these efforts, an objective method of determining success is
required. Macroinvertebrates, given their range of tolerance to pollutants, are uniquely situated to
provide a more quantifiable success rate for urban reforestation efforts. Over many weeks, leaf
packs were deployed at key locations along seven reforested sites, including many Reforest the
Bluegrass sites. After approximately two weeks, these packs were then processed, preserved, and
identified in order to better determine the sites' macroinvertebrate populations—including taxa
richness, evenness, and diversity—and their pollution tolerance levels. Diversity especially
proved to be consistently low, ranging from .0323 to 1.44, while taxa richness peaked at 9 and
ranged to 1 in bags that stayed submerged for the duration of their time in the field. Taxa
evenness fared better, with ranges between .124 and .961, but this result was misleading: a high
evenness value almost always correlated to a low diversity value. Meanwhile, pollution tolerance
index values remained Poor (values between 0-10) and Fair (11-16), with a range of 1 to 13;
even at East Alumni, the most diverse site, only two taxa—Isopoda, deemed “Somewhat
Sensitive,” and Platyhelminthes, deemed “Tolerant”—comprised 81% of the samples.
In addition to these findings, water quality assessments were conducted biweekly at each site’s
upstream and downstream location for a variety of stream health indicators: specific
conductivity; total organic carbon (TOC); pH; alkalinity; chlorine; sulfates, or SO4; nitrate
nitrogen, or NO3-N; bromine; and fluorine. Nitrate nitrogen values are of particular interest, as
they rise consistently between the upstream and downstream locations at certain sites and fall at
others—despite remaining within the reforested reach. Water quality assessments are ongoing.
For the future, composite soil samples will be collected at each of the upstream, midstream, and
downstream locations of each site, with sampling occurring approximately 2 meters outside of
the reforested reach and 2 meters within. These will then undergo DNA extraction to determine
the composition of the sites’ microbial communities. Infiltration analyses using an infiltrometer
will follow. Algae growth will be quantified as best as possible at each location using
fluorometry for phytoplankton growth and ash-free dry mass for periphyton growth. And finally,
bat detectors will be deployed within the reforested reach of sites across Lexington—both
featuring streams and not—and rotated accordingly. Detectors will be deployed approximately
10 feet off the ground; a poster of bat taxa for Lexington’s reforested sites will be produced
using the subsequent data.
*This presentation is based upon work supported by the U.S. Geological Survey under Grant/Cooperative
Agreement No. G21AP10631-00, WRRI 104B Annual Grant Program.
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Over a Decade of Monitoring Water Quality at McConnell Springs – What
Have We Learned?
David J. Price
Division of Water Quality, Lexington-Fayette County
dprice@lexingtonky.gov

Since the completion in 2009 of the McConnell Springs Stormwater Quality Wetland Pond by
the Lexington-Fayette Urban County Government (LFUCG), the system has been monitored by
the LFUCG Division of Water Quality to determine the effectiveness of pollutant reduction.
While on site, additional surface water quality monitoring was performed on McConnell Springs
itself. Located near downtown Lexington, Kentucky, McConnell Springs Nature Park is a 26acre urban forest. The artesian spring system consists of the Blue Hole, where water emerges
from an underground channel and flows for approximately 38 m (125 ft.) then disappears
underground; the “Cave”, a water retaining, open fracture that can receive surface runoff; the
Boils, where water emerges again as an artesian spring and flows for approximately 152 m (500
ft.); the Final Sink, the point where water once more disappears underground. The water
resurfaces at Preston's Cave and flows into Wolf Run Creek, which empties into the Town
Branch of Elkhorn Creek.
During the period of 2011 through 2022, a total of 75 sampling events were conducted by the
LFUCG Division of Water Quality at McConnell Springs. The four sites monitored included the
Blue Hole, Cave, Boils, and Final Sink. On-site measurements included: temperature, pH, ORP,
dissolved oxygen (DO), conductivity, and total dissolved solids (TDS). Additional analysis
included: alkalinity, hardness, carbonaceous biological oxygen demand (CBOD5), total
suspended solids (TSS), total ammonia, nitrate, nitrite, total phosphorus, orthophosphates, and
bacterial enumeration (fecal coliforms, E. coli, and total coliforms). Metals in water samples
from McConnell Springs were analyzed in 2013, 2014, 2017, and 2021. Metal analyses included:
Ag, Al, As, Cd, Cr, Cu, Fe, Pb, Mg, Mn, Ni, P, K, S, and Zn. As of press time, LFUCG Division
of Water Quality’s results are being compared to results from the Division of Water’s (DOW)
groundwater network program obtained from DOW and from the Kentucky Geological Survey
(KGS), Kentucky Groundwater Data Repository.
Overall pH values at all sites in McConnell Springs were consistent from 2011 to 2022. DO
concentrations remained low, where highest oxygen levels were observed in the winter and the
lowest during summer. The Blue Hole had the lowest DO and the Final Sink had the highest DO.
Average DO concentrations were 3.3, 3.4, 4.2, and 5.7 mg/L for Blue Hole, Cave, Boils, and
Sink, respectively. Conductivity was fairly constant, although an increase was observed in 2013.
TDS, total alkalinity, and total hardness also remained constant during the monitoring period. As
expected, TSS levels were lowest in the Blue Hole and highest in the Cave and Final Sink.
Overall ammonia levels were low in 2011-2021, but an increase was observed in the February
2022 collection. However, the ammonia levels then decreased in the April 2022 collection.
Average nitrate concentrations were highest in 2011 (6.45 mg/L), although still elevated, nitrate
levels decreased and remained consistent in 2012-2022. Average nitrite concentrations were
consistent in 2011 through 2018, however, since 2019 nitrite levels have increased and become
more variable. Both total phosphorous and orthophosphate concentrations were similar over time
and at the four sampling locations. Of the 15 metals tested in 2013, 2014, 2017, and 2021, Silver
and Cadmium were not detected at any of the sites on McConnell Springs. In 2017, low levels of
Cr, Cu, and Pb were detected. Nickel was detected in 2013 and 2014 with concentrations ranging
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from 2.0-3.0 µg/L. Zinc was detected in 2021, with the Cave having the highest concentration
(30 µ/L).
Fecal coliforms and E. coli were detected in McConnell Springs during the monitoring period.
Both fecal coliforms and E. coli geometric means slightly decreased over time. The highest
bacterial counts were obtained in August 21, 2019. Fecal coliform counts for all four locations
were: 241957, 77010, 141361, and 54750 MPN/100 mL, respectively. While E. coli counts were
241957, 92084, 129965, and 81641 MPN/100 mL, respectively. In 2011, Dr. Gail Brion (UKERTL) reported contamination by fecal material in McConnell Springs. Dr. Brion proposed that
the cold underground flow may retard fecal aging and the cold, dark conditions repressed
indigenous bacterial growth while enhancing introduced coliforms, thus indicating that the
source is not local and may be some distance from the collection site. Dr. Brion also reported
that fecal coliform counts from McConnell Springs were out of compliance with primary use
recreation water quality criteria. The majority of bacterial enumerations tended to be elevated in
June through October. Similar trends were observed in Dr. Brion’s data.
Most of the water quality results observed were consistent with levels found in artesian springs.
After more than a decade of water quality monitoring, an established baseline for McConnell
Springs has been attained and significant deviations can be quickly recognized. Results by
LFUCG Division of Water Quality have shown that the addition of the Stormwater Quality
Wetland Pond has reduced non-point source pollution that entered McConnell Springs Park. This
abatement also lessens the detrimental impacts to the spring system. Fecal contamination has
been a historic problem at McConnell Springs. Of interest were the increase in fecal coliforms
and E. coli counts in 2019, although the bacterial counts decreased in later dates. LFUCG will
continue to monitor water quality regularly. In particular, close monitoring of ammonia, nitrites,
and bacterial counts which can have detrimental impacts to McConnell Springs and the receiving
waters of Wolf Run Creek and Elkhorn Creek.
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Glenns Creek Watershed Characterization Efforts
Steven J Evans1, Lee Moser2, James Shelley1, Bryan Killian1, Malissa McAlister1
1
Kentucky Water Resources Research Institute, University of Kentucky
2
Cooperative Extension Service, University of Kentucky
1
steve.evans@uky.edu

The Glenns Creek Watershed (HUC 051002050709) covers a total area of approximately 33.78
square miles in Woodford and Franklin County, Kentucky. It is home to two of Kentucky’s
signature industries – horses and bourbon drawing numerous visitors to the city of Versailles and
the town of Millville. In support of the development of a watershed plan, three major assessment
efforts are being used to characterize and quantitate the causes and sources of pollution and
impairment.
First, through cooperation of state, academic, nonprofit, and industry partners, nine sites were
monitored monthly for one year for stream discharge, in-situ parameters, bacterial, and chemical
parameters. Macroinvertebrate and habitat assessments were performed by the Kentucky
Division of Water at these sites. To evaluate community science methods, low-cost field kits for
nutrient parameters sampled concurrently for comparison against laboratory results, and a
constructed transparent velocity head rod was evaluated against an electromagnetic flow meter
for velocity measurements.
Second, the ArcGIS Hub platform is being utilized to develop an interactive, web-based
watershed plan to increase community accessibility and involvement. A StoryMap format was
adopted for the watershed characterization effort, combining multiple data resources and
planning maps for community assessment.
Third, stream corridor erosional assessments were performed using ArcGIS Field Maps, GoPro
cameras, 360-video, and drone flights. While documenting the extent of erosion in the
watershed, these surveys were further used to develop virtual stream tours via either skyview or
streamview via 360-degree photospheres. Embedded feature cards are used to provide additional
information on unique features, monitoring sites, and other available monitoring data.
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